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Abstract
With an increasing global incidence of hip fractures, designing appropriate treatment 
strategies for hip fractures is fundamentally important to healthcare professionals, 
policymakers, and payers of healthcare services. We will evaluate the role of total hip 
replacement (THR) in the setting of trauma for the acute treatment of hip fractures. In 
this chapter, we will compare hemiarthroplasty and total hip replacement in the acute 
setting while also examining the role of arthroplasty in the setting of failed internal fixa-
tion, as well as in pathologic fractures. We will describe the pearls and pitfalls of surgical 
technique in these scenarios, highlighted with case examples.
Keywords: arthroplasty, trauma, hemiarthroplasty, THR, salvage
1. Introduction
The incidence of the neck of femur fracture is increasing alongside the increasing proportion 
of elderly patients with multiple comorbidities in our population statistics [1]. It is currently 
estimated that more than 80,000 hip fractures are treated each year in the United Kingdom—
the great majority of these fractures require some form of surgical treatment, as nonoperative 
management is associated with high morbidity and complication rates [2–5]. Deciding on 
the most appropriate intervention is often challenging; factors such as fracture location and 
configuration, bone stock, physiological age, mobility, comorbidity, and implant selection are 
only some of the considerations in such cases. Optimal care for these patients requires mul-
tidisciplinary intervention across a broad range of services including surgery, anaesthesia, 
physiotherapy, geriatrics, and rehabilitative medicine.
Fractures are broadly categorised as intracapsular or extracapsular and can be classi-
fied as stable or unstable. In general, extracapsular fractures are treated by reduction and 
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osteosynthesis, as are selected intracapsular fractures. Displaced intracapsular fractures 
are conventionally treated by hemiarthroplasty, but total hip replacement [THR] has a role 
either as a primary intervention in the younger more active patient or as a salvage proce-
dure for failed osteosynthesis or hemiarthroplasty. Well-recognised goals of operative treat-
ment include immediate pain relief, a rapid return to ambulation, an accelerated period of 
rehabilitation, and maintenance of independent living. Arthroplasty is generally considered 
to be a highly effective treatment for many painful hip conditions. By definition total hip 
replacement requires prosthetic replacement of the femoral and acetabular joint surfaces. All 
implants require an interface for skeletal fixation which can be achieved using bone cement or 
by biological fixation. In addition the implant must be able to accommodate an articular sur-
face to provide a low-friction, physiological range of motion. Identifying the most appropriate 
treatment strategy for hip fractures avoids secondary hospital admissions, costly and often 
complicated reoperations, loss of independence, and physical disability. Designing optimal 
treatment strategies for hip fractures is fundamentally important to healthcare professionals, 
policymakers, and payers of healthcare services.
Stable fractures can be treated by osteosynthesis with predictable and favourable results [6, 7]. 
Conversely, surgical fixation of unstable fracture patterns remains challenging due to deficient 
bone stock and osteoporosis [8, 9]. In the past, fixed nail-plate devices used for the fixation of 
these fractures had high rates of cut-out and fracture displacement. Sliding hip screws have 
become the predominant method of fixation of these fractures with reduced rates of cut-out 
and fracture displacement compared with fixed nail-plate devices [10–14]. Cephalomedullary 
fixation has also demonstrated reduced cut-out rates in osteoporotic bone and is the preferred 
method of fixation for unstable intertrochanteric fractures [15, 16].
Complications of internal fixation are well documented including perforation of the femoral 
head, excessive sliding with secondary shortening, plate pull-out, and plate breakage [17, 18]. 
In cases where fixation is tenuous, a period of restricted mobilisation is suggested [19] during 
which morbidities such as pressure sores, respiratory tract infections, atelectasis, and deep 
vein thrombosis may develop. Despite considerable advances in internal fixation methods, 
the failure rate of the sliding hip screw is 6.8–9.8%, while the failure rate of cephalomedullary 
nails ranges from 7.1 to 12.5% in unstable fractures [20–22].
While internal fixation is widely viewed as the preferred treatment for young patients and 
elderly patients with stable fractures, there is still no standard treatment for active patients 
above 70 years of age [23, 24]. A suggested treatment algorithm can be seen in Chart 1. While 
hemiarthroplasty is expeditious and permits early mobilisation, in certain cases revision to a 
THR is required due to painful acetabular erosion or protrusion [25]. Radiographic studies 
have demonstrated that most of the motion in hemiarthroplasties occurs at the interface of 
the bipolar component and the acetabulum, not between the femoral head and the bipolar 
component. The significance of acetabular erosion and groin pain after a hemiarthroplasty is 
a topic of debate among the orthopaedic community. Many studies contributing to the pool of 
knowledge on the topic use outdated implants. Added to this is the fact that the cognition and 
activity levels of patients receiving hemiarthroplasty vary widely and may affect the report-
ing of pain.
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The recently published HEALTH trial protocol [26] outlines a prospective randomised control 
trial to evaluate the outcomes of THR versus hemiarthroplasty in the treatment of femoral 
neck fractures. This study aims to assess the outcomes of both treatment modalities up to 
2 years postoperatively. A recent publication in the Journal of Arthroplasty by Grosso et al. 
demonstrated a low conversion rate of hemiarthroplasty to THR when a hemiarthroplasty 
was performed for a displaced neck of femur fracture in patients over 75 years. In this study, 
a 2.5% conversion rate at an average of 1.9 years post-index procedure was recorded, with 
Chart 1. Proposed algorithm in addressing femoral neck fractures in the trauma setting.
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acetabular wear, which is the leading cause [27]. Uncertainty remains as to which type of 
prosthesis is most appropriate for the treatment of fractures in these elderly patients. This 
leads to significant regional variations in treatment: THR is up to three times more likely to 
be performed in the treatment of hip fractures in Sweden than in England and twice as likely 
as in Canada [28].
2. Preoperative evaluation
A detailed history and clinical examination is necessary in all cases of hip fractures. Particular 
care must be made to identify pre-existing medical comorbidities and regular anticoagulants 
being taken by the patient. A comprehensive discussion should take place with the patient 
and their relatives in relation to any proposed management strategy. Morbidity and mortality 
associated with femoral neck fracture care should be discussed. Mortality is 10% within the 
first 30 days reflecting the compromised status of many of these patients. Mortality rates rise 
to approximately 40% at 12 months.
Examination may reveal a shortened, externally rotated lower extremity. The neurovascular 
status of the lower limb should be evaluated and documented, and a secondary survey should 
be completed to rule out associated injuries.
Appropriate imaging should take the form of plain film radiographs of the pelvis and femur 
in anterior-posterior and lateral planes. The pelvis should be held in neutral with both femurs 
clearly visible and the feet held in internal rotation. Preoperative estimates of magnification 
on X-rays are frequently incorrect and can lead to mismatching of implant sizes, limb length 
discrepancies, and disturbance of the biomechanical parameters of the hip joint. The magnifi-
cation factor for pelvic imaging normally ranges from 109 to 128%. Radioopaque calibration 
spheres can be sited midline to femurs and proximally towards the pubic symphysis to aid 
in digital templating of the preoperative X-rays. The contralateral hip should be used as a 
surrogate for templating in the trauma setting. Digital templating is essential to determine 
the location of the neck cut, size of the prosthesis, appropriate offset, and depth of insertion. 
If there is a concern for pathological fracture, appropriate imaging of the whole femur should 
be obtained in the first instance, and intraoperative histological samples should be sent for 
analysis.
All patients with a hip fracture should have a preoperative electrocardiogram, and in those 
over the age of 65, a chest X-ray should also be performed. It has been determined by the 
Association of Anaesthetists of Great Britain and Ireland (AAGBI) that a preoperative echo-
cardiogram should not delay the passage of a patient with a hip fracture to theatre and should 
rather be performed, if necessary, during the postoperative period. Routine preoperative 
blood tests may reveal preoperative anaemia which occurs in 30–40% of patients and may 
be attributable to the fracture itself, haemodilution or a pre-existing condition. The acute 
response to trauma may lead to neutrophilia or leucocytosis. It is noteworthy that electrolyte 
imbalances are not uncommon in this cohort of patients, especially hyponatremia and hypo-
kalemia. Hyperkalemia may also be an indicator of rhabdomyolysis occurring secondary to a 
prolonged period of immobilisation following the initial traumatic event.
Total Hip Replacement - An Overview86
Neuraxial anaesthesia is often the preferred form of anaesthesia for treatment of femoral frac-
tures. The suspicion of aortic stenosis on clinical examination often precludes neuraxial anaes-
thesia. Despite this, general anaesthesia is also a safe option, and the Sprint Audit has shown 
no significant difference in mortality between these modes of anaesthesia [29]. Combined 
neuraxial anaesthesia and general anaesthesia has shown a trend towards increased mortal-
ity. This is most likely related to the ‘double hit’ hypotensive effects of both modalities of 
anaesthesia.
3. Hemiarthroplasty versus total hip replacement
In the vast majority of cases, the accepted treatment for displaced neck of femur fractures 
in the elderly is a unipolar or bipolar hemiarthroplasty, especially in elderly patients with 
low functional demands. Compared with THR, hemiarthroplasty has the advantage of being 
a simpler, standardised procedure with shorter operating times, and less blood loss. In the 
acute trauma setting, many orthopaedic surgeons are more comfortable performing hemi-
arthroplasty rather than THR. Therefore, THR may not be readily available to the trauma 
patient, and surgical delay is likely to increase morbidity and mortality. Recent studies con-
clude that THR in the trauma setting is associated with improved functional outcomes and 
lower reoperation rates when compared with hemiarthroplasty, albeit with a higher disloca-
tion rate [30–32]. Instability post THR is multifactorial, and contributory factors include surgi-
cal approach, bearing diameter, restoration of hip biomechanics, cognitive dysfunction, and 
presence of neuromuscular disease. Where the posterior approach has been utilised, meticu-
lous capsular repair is essential to minimise instability. Some authors advocate the anterolat-
eral approach when treating a femoral neck fracture with THR. This reduces the dislocation 
rate at the expense of potential abductor dysfunction and a postoperative Trendelenburg gait. 
The use of large head sizes has also reduced dislocation rates, with the literature suggesting 
that the benefit is greatest when utilising the posterior approach.
It is essential to adhere to strict selection criteria when determining suitability of patients with 
hip fractures for THR in order to minimise complication rates. In 2011 the National Institute 
for Health and Care Excellence (NICE) published their guidelines and recommended THR 
for patients with adequate cognitive and physical function who are fit to undergo anaes-
thesia and major surgery. Perry et al. evaluated UK Hip Fracture Database information to 
ascertain compliance with NICE guidelines for THR [33]. Their study evaluated patients over 
the age of 60 presenting acutely with displaced intracapsular femoral neck fractures. They 
determined that only 32% of ostensibly eligible patients underwent THR, and, of those who 
had surgery, 42% did not qualify under the NICE eligibility criteria. Inclusion and exclusion 
criteria for THR in trauma need to be defined more accurately based on specific rather than 
arbitrary parameters.
THR performed for trauma has equivalent results to those performed electively. Anakwe et al. 
matched 100 trauma patients with an elective cohort and demonstrated equivalent functional 
outcomes [34]. THR may appear as a more expensive treatment for trauma in terms of implant 
cost, but the overall costs associated with unipolar and bipolar hemiarthroplasties (including 
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revision surgeries) are higher in the long term [35]. Maceroli et al. demonstrated lower mor-
tality rates in patients undergoing THR for femoral neck fractures in centres that performed 
large numbers of such procedures [36]. Uhler et al. demonstrated that a patient will gain 
more cumulative utility over the course of 2 years by waiting 48 hours for a THR, despite an 
increase in short-term morbidity associated with delayed surgery [37]. It seems reasonable 
therefore to advocate THR for suitable patients where dedicated arthroplasty services are 
available. Figure 1 demonstrates a left basicervical neck of femur fracture, with subsequent 
treatment with a hybrid THR shown in Figure 2.
Figure 2. AP pelvis demonstrating subsequent treatment with a hybrid THR in the acute setting.
Figure 1. AP radiograph of pelvis showing left basicervical neck of femur fracture.
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4. THR for failed neck of femur internal fixation
Following initial treatment with internal fixation, the neck of femur fractures may develop 
nonunion and osteonecrosis, with reoperation rates of up to 40% reported in the literature. 
Nikolopoulos et al. demonstrated in a prospective study that patients with displaced neck 
of femur fractures who underwent internal fixation had a higher rate of avascular necrosis 
than those that were undisplaced [38]. This group of patients may develop disabling second-
ary degenerative symptoms necessitating arthroplasty. We highlight this with examples of 
clinical cases. Figure 3 shows the collapse of the femoral head following initial sliding screw 
fixation of a basicervical neck of femur fracture. This was subsequently revised to a hybrid 
THR as demonstrated in Figure 4. Figure 5 describes the case of screw cut-out post ORIF of 
the neck of femur fracture, which was subsequently revised to a modular prosthesis as seen 
in Figure 6.
Tidermark et al. demonstrated suboptimal outcomes in patients with displaced neck of femur 
fractures treated with internal fixation, showing impaired functional outcomes when com-
pared with a cohort of undisplaced fractures despite radiographic and clinical evidence of 
union [39].
In treating nonunion the surgical team must consider the presence of infection. Clinical evalu-
ation and serial erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levels are 
useful diagnostic tools and if abnormal might prompt joint aspiration or bone biopsy and 
culture. If preoperative or intraoperative findings suggest infection, a two-stage revision with 
removal of metalwork and excision of the femoral head is usually performed. An antibiotic-
impregnated spacer is implanted in the first instance, and subsequent arthroplasty is per-
formed at an appropriate later date.
Figure 3. AP radiograph of pelvis demonstrating collapse of femoral head post dynamic hip screw fixation of basicervical 
neck of femur fracture.
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Preoperative templating, paying particular attention to the length of the proposed femoral 
component is essential to bypass bone defects or screw tracks. An attempt should be made 
to recreate the patients’ normal anatomy; it is essential to restore offset, length, and centre 
of rotation. If acetabular bone loss is noted as autogenous bone graft, allograft or a fixation 
device may be necessary to reconstruct or span a marginal, cavitary, or combined defect.
Figure 4. Demonstrating subsequent revision to hybrid THR following failed internal fixation.
Figure 5. AP radiograph demonstrating screw cut out of post ORIF of neck of femur fracture.
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During the preparation of the femur, it is recommended to leave the internal fixation device 
in situ and to avoid excessive traction and leg rotation until dislocation to minimise the risk 
of intraoperative fracture. Cemented or uncemented components can be used depending on 
user preference and in conjunction with intraoperative evaluation of acetabular and femoral 
bone quality.
In such cases the acetabulum may not be degenerative and thus less sclerotic than usually 
encountered in elective arthroplasty. Reaming therefore should be performed with caution, 
being mindful of the risk of medial wall penetration. In performing a THR in a cognitively 
impaired patient, an extended stability or constrained liner and a larger diameter bearing 
should be considered.
5. THR for failed intertrochanteric fracture fixation
Patients with failed internal fixation of intertrochanteric fractures present with significant 
functional disability and pain. In these patients revision of the fixation device will often be 
considered as a first option, but these surgeries are often complicated by bone loss and the 
presence of avascular bone at the nonunion site. Hip arthroplasty offers a good salvage option 
for selected patients as it obviates the need for fracture healing and establishes immediate 
skeletal continuity allowing early, progressive weight bearing. Figure 7 shows a nonunion of 
a subtrochanteric femur fracture following cephalomedullary fixation which was successfully 
revised to a modular THR as seen in Figure 8.
Technical issues such as difficulty of implant removal, bone loss, trochanteric nonunion, antic-
ipated haemorrhage and suboptimal bone quality must be considered. A common mode of 
Figure 6. Demonstrating subsequent revision to a modular prosthesis.
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failure in intertrochanteric fractures is cut-out of the lag screw which consequently damages 
the acetabular cartilage and often necessitates acetabular replacement during the conversion 
arthroplasty.
It is imperative that the surgeon eliminates infection as a cause of failure and preoperative 
evaluation should include measurements of CRP and ESR levels and aspiration or biopsy if 
inflammatory marker levels are concerning. If infection is demonstrated, a two-stage proce-
dure should be performed with the removal of components and the femoral head during the 
first stage, with the use of an antibiotic-impregnated cement prosthesis.
During revision of a failed intertrochanteric fracture, it is again advisable to leave the fixa-
tion in place until surgical dislocation of the hip is performed. Access is often determined by 
trochanteric anatomy: gained either between ununited fragments or with mobilisation of mal-
united fragments. If some continuity is maintained with the fibres of vastus lateralis, the expo-
sure resembles a trochanteric slide. In these cases, the risk of mechanical complications such 
as fractures and cortical perforations is increased due to reduced bone quality, loss of bone 
stock, presence of screw holes from previous fixation devices, and distorted bony landmarks. 
If trochanteric nonunion is encountered, fibrous tissue is debrided from the cancellous surface 
Figure 7. AP radiograph demonstrating non union of a subtrochanteric femur fracture following cephalomedullary 
fixation.
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of the fragments, and a high-speed burr can be used to expose bleeding cancellous bone. The 
excised femoral head is often a useful source of autograft, and applying an acetabular reamer 
to the femoral head will rapidly morselise the fragment. Patients with cephalomedullary nails 
in situ may exhibit neocortex formation and sclerosis around the nail, and broaching the canal 
in these cases can be facilitated by using a high-speed burr. Calcar replacing and fully coated 
stems may be considered in those with loss of proximal bone. Modular implants may also 
play a role in the setting of severe proximal bone loss. Reattachment of the trochanter in cases 
of nonunion is a crucial step towards regaining stability, and trochanteric cable plates are 
particularly useful in many of these cases.
Lee et al. recommended the use of total hip arthroplasty for failed internal fixation of intertro-
chanteric fractures. They report a 3% 1 year mortality rate in the conversion group. At 3 years 
of follow-up, there was no significant difference in clinical scores or component loosening 
when compared to a matched cohort who received hemiarthroplasties [40].
6. THR for pathological or impending fracture
Of patients with advanced cancer, 50% develop bony metastases, and 30% of metastatic depos-
its occur within the proximal femur. Due to the high mechanical forces directed through the 
hip, surgery is often required for pain palliation, to restore function and to allow immediate 
unrestricted weight bearing. Current treatment options include intramedullary nailing, osteo-
synthesis with a plate-screw construct and endoprosthetic replacements—taking the form of 
hemiarthroplasties, total hip arthroplasties, and proximal femoral replacements.
For patients expected to live greater than 6 months, the literature supports curettage 
of the lesion with cemented hemiarthroplasty [41–43]. Those patients demonstrating a 
Figure 8. Demonstrating subsequent revision to a modular prosthesis.
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radioresistant tumour may necessitate en bloc excision and proximal femoral replacement 
[44]. Intramedullary fixation should be utilised in those with a life expectancy less than 
6 months as it has been demonstrated to provide reliable fracture fixation up to 12 months 
post-procedure [45, 46]. The use of a hemiarthroplasty to treat pathologic or impending 
pathologic fractures of the proximal femur has an acceptable rate of complications, reopera-
tions, and functional outcomes as demonstrated by Houdek et al., who studied 199 patients 
treated with a hemiarthroplasty for metastatic femoral neck disease. They demonstrated a 1% 
conversion rate to THR due to degenerative changes and groin pain. [47].
With advances in medical management of metastatic disease and concomitant increase in 
patient’s life expectancy, the durability of these implants has become increasingly impor-
tant. Due to the poor survival rates in this cohort of patients, it has been difficult to compare 
implant survival rates for patients with metastatic disease with those utilised in primary joint 
replacement. However, in series comparing THR with osteosynthesis in the setting of patho-
logic fracture, THR has demonstrated a lower rate of mechanical failure as well as a higher 
rate of implant survival [48].
7. Conclusion
In conclusion, in the setting of the neck of femur fracture, a cemented hemiarthroplasty is an 
appropriate treatment for elderly patients. However, studies have suggested that patients 
treated with THR experience improved functional outcomes but at the expense of a greater 
dislocation rate. The selective use of THR in cognitively intact, active patients is well sup-
ported. In the setting of failed internal fixation, an arthroplasty, while technically demanding, 
represents an acceptable salvage procedure for the neck of femur and intertrochanteric frac-
tures. However, in both scenarios it is essential that infection is excluded as a precipitant of 
fixation failure prior to arthroplasty. In cases of pathologic fracture, arthroplasty can represent 
an appropriate treatment option following careful evaluation of the patient’s life expectancy.
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